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Abstract 
The aim of this work is to provide an environmental assessment of a diesel engine by analyzing the emissions of CO, 
CO2 and NOx that result from the combustion process, as well as analyzing technical performance related to 
consumption and the development of power and torque in a laboratory test rig. Biodiesel fuel was produced from 
vegetable cooking oil. The intention of this work is to evaluate the best method for the production of biodiesel in 
reference to an analysis of the peculiar features of this process of procurement and control of the physical 
environmental variables that may result in better performance of the engine under the conditions of the use of 
biodiesel blends with commercial diesel. The use of cooking oil as a raw material for biodiesel production has proven 
to be of significant value as compared to other raw material choices of various origins such as the oilseed crop since 
cooking oil is available in large quantities without any defined application. Gains related to the reduction of emissions 
of toxic gases resulting from combustion processes were remarkable, mainly in terms of the large reduction of CO and 
CO2 emissions. 
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1. Introduction 
Studies involving the use of biodiesel and commercial 
diesel blends had its origins in the period between the 
Industrial revolution and the Second World War, driven 
by strong demand for fuel and emergency due to a world 
oil supply crisis as a result of the war. Currently, the 
insertion of biofuel in the market is necessary not only to 
balance the supply/demand ratio, but also for reasons of 
environmental feasibility in terms of reducing the 
emission of pollutants and gases emitted by the road 
transportation modal [1]. The production of biofuels has 
become an attractive business due to increasing demand 
from end customers for renewable fuel sources with low 
negative environmental impacts [2, 3]. 
The inclusion of biofuels in the market presents 
discussions regarding technical and economic feasibility 
since environmental viability is a main concern. In 
recent decades, several countries, such as Germany, 
Spain, and France, have been spreading the culture of 
biofuels concomitantly with other fuels already accepted 
in the market, such as diesel and gasoline. Brazil has 
also made considerable contributions, mainly with the 
insertion of ethanol produced from sugar cane, which 
may help to overcome possible decreases of petroleum 
productivity, besides providing better control of prices 
for diesel and its derivatives [4, 5]. 
The use of biodiesel from vegetables, especially that 
produced from the reuse of cooking oil, has been a 
popular subject of discussion and research, as it presents 
a proposal for the minimization of waste to be disposed 
of in sewage systems and contaminating rivers and 
groundwater, taking into account that a liter of such 
waste oil can contaminate 20,000 liters of water [6]. 
Specifically, with regard to environmental issues, the 
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resolution CONAMA (Brazilian National Environment 
Council) number 415, September 24, 2009 sets new 
standards for motor vehicle emissions in order to reduce 
air pollution in urban centers and in terms of fuel 
consumption [7]. Meanwhile, Law 11.097/2005 ANP 
(Brazilian National Petroleum Agency) established an 
increased amount of biodiesel to diesel, discriminating 
annual percentages of biodiesel, in order to reduce levels 
of sulfur and other components of commercial diesel, 
and promote the insertion of 100% biodiesel, called 
social fuel, once acquired from domestic agricultural 
sources or from civil society suppliers [8]. 
The development of this work aims at exploring 
alternatives for the use of biofuels and evaluating the 
environmental impacts in terms of emissions. The fuels 
studied are commercial diesel, vegetable cooking oil, 
and blends of them. A comparative assessment of 
technical engine performance related to fuel 
consumption, power, and torque for the distinct fuels 
studied was also carried out.  
  
2. Experimental Procedure 
For the development of experimental work, the 
following steps were taken: 
 Development of a program of selective collection of 
used vegetable cooking oil;  
 Development of a process to produce biodiesel from 
used vegetable cooking oil;  
 Preparation of the blends of biodiesel and 
commercial diesel;  
 The conducting of dynamometer tests on an internal 
combustion diesel engine in order to analyze its 
performance with commercial diesel fuel, biodiesel, 
and blends;  
 Realization of the gas emission tests with the use of 
different fuels.  
One hundred liters of vegetable cooking oil was 
collected and processed in a single batch in an attempt to 
guarantee uniformity. The pre-treatment of cooking oil 
for the production of biodiesel was adapted from 
Christoff [9] as schematized in Fig. 1.   
 
 
Fig. 1. Pre-treatment process of cooking oil [9] 
The transesterification process used can be viewed in 
the diagram shown in Figure 2. This process includes 
drying and filtration of the residual cooking oil, the 
mixture of anhydrous ethyl alcohol with the catalyst 
potassium hydroxide, the reaction of the oil with mixed 
alcohol/catalyst (transesterification reaction), the 
separation of the phase rich in esters and that rich in 
glycerin, and the washing of biodiesel. 
 
Fig. 2. Process of Transesterification [9] 
The procedure used to convert the cooking oil to 
biodiesel in this experiment is explained by Geris et al. 
[10]. For the production of potassium methoxide, 1.503g 
of potassium hydroxide (NaOH) was dissolved in 35 ml 
of methanol with stirring and temperature control (45°C) 
until complete NaOH dissolution. The volume of 
methanol and the mass of NaOH for the 
transesterification reaction were designed to achieve 
more effective ester production.  
The transesterification reaction was performed in a 
heater with mechanical stirring. 100 ml of used soybean 
oil was loaded in a flat-bottomed flask (500 ml). The oil 
was immediately heated in a water bath, while being 
stirred, with the aid of a magnetic stirrer until the 
temperature reached 45 °C. Then, a freshly prepared 
solution of potassium methoxide was added, keeping the 
reaction mixture for 10 min at 45 °C while being stirred. 
The solution became denser and clearer.  
After transesterification, the solution was transferred 
to a separating funnel to allow decantation and phase 
separation. The upper part, contained biodiesel, and the 
lower, contained glycerol, soaps, a base excess, and 
alcohol (gas separation timeout: 15 min). The lower 
phase was collected in a 50 ml beaker and yielded 6 ml 
of solution. Biodiesel volume (upper phase) was 94 ml. 
50 ml of sodium chloride (NaCl) were added to wash the 
biodiesel. A total of 92 ml of biodiesel was obtained in 
the process. Following this procedure, catalysts were 
acquired for the production of a batch of 100 liters 
2.1. Preparation of biodiesel blends with diesel 
The commercial diesel oil used in the tests was 
obtained from a local automotive supply network and 
had the following features: 
 Calorific value: 44.816 (KJ/kg) 
 Density: 857 (kg/m3) at 25 ºC 
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 Viscosity: 3.32 (mm2 /s) at 40 ºC 
 Flash Point: 69 ºC 
 Sulfur: 0.121 (% m/ m) 
 
The used biodiesel resulting from the 
transesterification of cooking oil presented these 
features:  
 Calorific value: 39. 628 (kJ/ kg) 
 Density: 872 (kg/m3) at 25 ºC 
 Viscosity: 4.58 (mm2 /s) at 40 ºC 
 Flash Point: 169 ºC 
 Sulfur: 0.03 (% m/m) 
Mixtures were processed with different percentages 
of commercial diesel and biodiesel placed in PET 
containers and properly identified. The fuels were 
classified as 100% commercial diesel, 100% biodiesel 
(B100), addition of 5% biodiesel to diesel (B5), addition 
of 20% biodiesel to diesel (B20), and addition of 50% 
biodiesel to diesel (B50).  
2.2. Dynamometric testing of the diesel  engine  
A performance evaluation was conducted for the diesel 
engine powered with diesel and B5, B20, B50, and B100 
blends. Resulting data of equivalent power, torque, and 
energy consumption were achieved. The engine used 
was a Mercedes model OM366A with the following 
technical data, according to NBR 1585: 
 Max Net Power: 155 kW (211 HP) at 2600 rpm 
 Max Moment Power: 660 Nm at 1400 rpm 
 Minimum Specific Consumption:197g/kWh-1950 rpm 
 Compression Ratio: 18:1 
2.3. Gas emission tests 
The analyses of the gases emitted by the combustion 
reactions correlated with the different fuels diesel and 
the blends were conducted using a Horiba Automotive 
Emission Analyzer, Mod MEXA-584L. This apparatus 
allowed us to make measurements on samples of CO, 
CO2, and NOx collected directly from the exhaust 
manifold. 
3. Results and Discussion 
3.1. Technical performance tests 
Table 1 presents the data obtained from the 
dynamometric testing for the torque vs. rotation 
relationship for the five studied fuels. The use of 
biodiesel blends or the pure form (B100) resulted in 
small drops in torque due to the rotation variation when 
compared to the commercial diesel, with a maximum 
average loss of 3%, i.e., in the case of biodiesel (B100). 
It can be also observed that blends B5 and B20 behaved 
similarly to diesel.  
Table 1. Dynamometric data from torque x rotation relationship. 
Diesel B5 B20 B50 B100 
Nm rpm Nm rpm Nm rpm Nm rpm Nm rpm 
560 1200 557 1200 555 1200 549 1200 543 1200 
585 1400 582 1400 580 1400 576 1400 568 1400 
592 1600 589 1600 587 1600 580 1600 575 1600 
563 1800 560 1800 558 1800 551 1800 547 1800 
550 2000 548 2000 545 2000 540 2000 534 2000 
538 2200 535 2200 532 2200 526 2200 521 2200 
523 2400 520 2400 518 2400 513 2400 508 2400 
490 2600 488 2600 485 2600 480 2600 475 2600 
 
Figure 3 shows graphically the performance of the 
engine from the data in Table 1. 
 
 
Fig. 3. Dynamometric results from torque x rotation relationship  
 
Table 2 presents the data obtained during 
dynamometric testing for power vs. rotation relationship. 
 
Table 2. Dynamometric data from power x rotation relationship. 
 
Figure 4 graphically shows the performance of the 
engine from the data detailed in Table 2. From Figure 4, 
there is a decrease of about 6% in power as a function of 
rotation for B100 compared to diesel. 
 
Diesel B5 (B20 B50 B100 
kW rpm kW rpm kW rpm kW rpm kW rpm 
70 1200 70 1200 70 1200 69 1200 68 1200 
86 1400 85 1400 85 1400 84 1400 83 1400 
99 1600 99 1600 98 1600 97 1600 96 1600 
106 1800 106 1800 105 1800 104 1800 103 1800 
115 2000 115 2000 114 2000 113 2000 112 2000 
124 2200 123 2200 123 2200 121 2200 120 2200 
131 2400 131 2400 130 2400 129 2400 128 2400 
133 2600 133 2600 132 2600 131 2600 129 2600 
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Fig. 4 Dynamometric results from power x rotation relationship  
 
However, there are bands between 1600 and 2200 
rpm where biodiesel B20 performed better, which can be 
justified by the approximation of the biodiesel density 
and viscosity properties in conjunction with maximum 
exploitation of the positive chemical properties. Between 
2200 and 2600 rpm, there was a rapid decrease, 
depending on the maximum use of physicochemical 
properties that were present in previous rotations.  
Unlike in the graph of torque vs. rotation (Fig. 3), 
where a torque peak and, subsequently, a decrease of the 
same can be observed, a tendency for increased power as 
a function of rotation in all blends of diesel and biodiesel 
can be observed in Figure 4. 
Table 3 presents data obtained during dynamometer 
testing from consumption x rotation relationship. 
Table 3. Dynamometric data from consumption x rotation relationship. 
 
Figure 5 shows the engine performance from the 
obtained data presented in Table 3. In Figure 5, it can be 
observed that the biodiesel B100 showed oscillations 
from 6 to 14% in terms of increases in consumption as a 
function of rotation as compared to diesel. This occurred 
proportionally to increased biodiesel content in the 
blend, which can be justified by the variation in the 
calorific value of the fuel. 
It is important to note the occurrence of increased 
consumption regardless of fuel for the point of 
maximum torque.  
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Dynamometric results from consumption x rotation relationship  
3.2. Gas Emission Tests 
In CO, CO2, and NOx gases analyses, 12 points were 
used in LabView software, ranging from 20 to 240 kW, 
with intervals of 20 kW. For each set point, the probe 
used to acquire gas samples provided a measured value, 
taking into account the fact that samples were collected 
just after the engine reached stable work and heat levels, 
thereby allowing quantitative comparison of the 
emission of gases with the developed power. The batch 
of biodiesel used for analysis of the environmental 
performance of diesel engine was the same used for 
testing its technical performance. The gas emission 
measurements were carried out with a HORIBA MEXA-
584L following the OIML Class 0 - CE - FCC standard 
(International Organization of Legal Metrology, 2012).  
The general results for CO2 emissions are presented 
in Table 4; they show the percentage contribution of that 
emission over total gas emissions (volume of exhaust 
gas collected by the instrument).  
Table 4. Dynamometric data from power x CO2 emissions relationship. 
Diesel B5 B20 B50 B100 
kW % kW % kW % kW % kW % 
20 1,8 20 1,7 20 1,6 20 1,5 20 1,1 
40 2,2 40 2,1 40 1,9 40 1,8 40 1,3 
60 3,1 60 2,9 60 2,7 60 2,5 60 1,9 
80 3,4 80 3,1 80 3 80 2,8 80 2 
100 3,9 100 3,6 100 3,4 100 3 100 2,4 
120 4,2 120 4 120 3,7 120 3,3 120 2,5 
140 4,4 140 4,2 140 3,8 140 3,5 140 2,6 
160 4,8 160 4,7 160 4,2 160 3,9 160 2,9 
180 5,4 180 5,2 180 4,7 180 3,8 180 2,2 
200 6,4 200 6,2 200 5,5 200 4,8 200 3,8 
220 6,4 220 6,3 220 5,5 220 4,9 220 4 
240 6,5 240 6,4 240 5,5 240 5 240 4,1 
 
Figure 6 shows the results for CO2 emissions of the 
OM366A engine using the different fuels, built from the 
data presented in Table 4.   
Diesel (B5) (B20) (B50) (B100) 
g/kWh rpm g/kWh rpm g/kWh rpm g/kWh rpm g/kWh rpm 
220 1200 221 1200 225 1200 230 1200 241 1200 
210 1400 211 1400 215 1400 221 1400 230 1400 
208 1600 209 1600 212 1600 215 1600 225 1600 
207 1800 208 1800 212 1800 216 1800 227 1800 
208 2000 209 2000 213 2000 220 2000 228 2000 
212 2200 213 2200 217 2200 225 2200 232 2200 
220 2400 220 2400 224 2400 233 2400 240 2400 
226 2600 226 2600 230 2600 239 2600 246 2600 
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Fig.6. Graphical results for CO2 emissions 
When using biodiesel (B100), an average reduction of 
41% in CO2 emissions can be found as compared to the 
emissions of the engine fueled by diesel, taking the 
average emissions of each fuel type in Table 4. The 
reduction is proportional to the percentage of biodiesel 
in the blend, with a tendency to form a peak reduction of 
CO2 emissions in the range of power between 155 and 
200 kW, coincidentally the same range of maximum 
effective power that can be drawn from the engine as 
described by the manufacturer.  
Table 5 shows the data obtained during dynamometer 
testing of CO emissions vs. power relationship. Figure 7 
shows the CO content relative to the developed power 
using data from Table 5.  
Table 5. Dynamometric data from power x CO emissions relationship. 
 
An average reduction of 44% in CO emissions was 
observed when using biodiesel B100 as compared to 
diesel. There was also an average reduction of 5% for 
B5 biodiesel, 11% for B20 biodiesel, and 26% for B50 
biodiesel. The maximum reduction of emission occurred 
in the range of 90 to 170 kW of power and the 
occurrence of a pinch point due to the proximity of the 
maximum power.  
 
 
 
 
Fig.7 Dynamometric results from consumption x rotation relationship 
The variation in emissions for the distinct fuels used 
is due to the variation of the viscosity of biodiesel, 
which was controlled by preheating the fuel line 
surrounding the engine exhaust. This preheating is done 
by convection and thermal conduction, which are not as 
accurate as the electronic heating and control performed 
by a PID (Proportional Integrator Differentiator).  
Table 6 shows the data obtained during dynamometer 
testing from NOx emissions vs. power relationship.  
 
Table 6. Dynamometric data from power x NOx emissions relationship 
Diesel B5 B20 B50 B100 
kW PPM kW PPM kW PPM kW PPM kW PPM 
20 170 20 172 20 173 20 180 20 187 
40 208 40 211 40 212 40 221 40 229 
60 324 60 325 60 331 60 344 60 356 
80 405 80 408 80 416 80 432 80 447 
100 470 100 473 100 482 100 500 100 520 
120 490 120 493 120 499 120 519 120 542 
140 558 140 564 140 569 140 592 140 620 
160 650 160 650 160 660 160 679 160 715 
180 681 180 681 180 694 180 725 180 748 
200 740 200 742 200 755 200 782 200 810 
220 742 220 743 220 755 220 783 220 816 
240 745 240 747 240 756 240 779 240 820 
 
Figure 8 quantitatively shows the amount of NOx as a 
function of the power developed. Analyzing the graph of 
Figure 8, an average increase of 9.2% in NOx emissions 
can be seen when using biodiesel (B100) compared to 
commercial diesel. The graph shows that emissions from 
diesel and biodiesel are biased to increase gradually 
according to the power gained. For the other mixtures, 
B5, B20, and B50, no significant differences were found, 
i.e., the behavior was remarkably similar, mainly for B5 
and B20. Similar results for the test of used cooking oil, 
with reduced emissions of Co and CO2, and some 
increase in NOx emissions, were found in the research of 
Dorado et al. [11].   
Diesel B5 B20 B50 B100 
kW PPM kW PPM kW PPM kW PPM kW PPM 
20 150 20 148 20 130 20 104 20 78 
40 130 40 135 40 119 40 92 40 68 
60 90 60 94 60 83 60 69 60 49 
80 72 80 71 80 69 80 52 80 36 
100 65 100 60 100 58 100 53 100 47 
120 68 120 60 120 53 120 50 120 45 
140 70 140 72 140 68 140 64 140 64 
160 74 160 74 160 65 160 52 160 39 
180 103 180 99 180 87 180 69 180 50 
200 145 200 141 200 124 200 104 200 79 
220 174 220 170 220 150 220 117 220 84 
240 278 240 272 240 245 240 196 240 147 
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Fig.8 Dynamometric data from power x NOx emissions relationship
Under the testing conditions, it is necessary to
emphasize that the diesel engine was stoichiometrically
balanced, i.e., the ratio of air/fuel mixture was balanced. 
There are tests in which researchers avoided the
stoichiometric balance so that there were better results
on the reduction of NOx emissions, especially when the
percentage of biodiesel in the mixture was increased. 
4. Conclusion
The use of the cooking oil as a raw material for
biodiesel production has proved to be of substantial
value as compared with other choices of raw materials of 
various origins, such as the planting of oleaginous and
the use of oils of animal origin since cooking oil is
available in large quantities in the community and would
otherwise be dumped, leading to environmental
problems.
The residual cooking oil showed relevant 
characteristics, such as high flash point, which enabled
its storage and handling. Gains related to the reduction
of toxic gas emissions resulting from combustion
processes were remarkable considering the large
reduction of CO and CO2 emissions. The studies point to 
a possible NOx emission reduction via improvements in 
the density, additives, and stoichiometric balance of 
biodiesel.
The technical feasibility of using biodiesel, 
considering the physical-chemical aspects, was
presented positively and interpreted by the torque and
power tests conducted, with little variability regarding
the percentage of biodiesel in the mixture with diesel. 
Considering the specific consumption of biodiesel
compared to diesel, despite having a small increase, it is 
passive in terms of improvement in reducing energy
consumption through the use of additives, the 
improvement of density, and in the transesterification 
process.
The use of cooking oil as the base for the production
of biodiesel has proven to be viable and can be seen as 
an alternative solution to the problem of the improper
disposal of used oil. Waste cooking oil has a great 
impact in terms of soil and water contamination if it is
disposed of in an incorrect manner.
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